This study was aimed to evaluate the characteristic and prospect of lignocelluloses waste material, i.e. mixtured wood sawdust as matrix in composting human excreta using Biotoilet. Initially, 26.4 
Introduction
Urban areas in developing country often lack adequate sanitation services, such as available water, space, and infrastructure due to rapidly population growing. The previous study reported that 45% of Indonesian people are living without easily accessible of private and safe place to urinate and defecate. Data also presented 3.4.10 6 kg. tons.year -1 of BOD; N; P and TSS, respectively (WSP, 2008) .
Survey in Kiaracondong sub district, Bandung city, Indonesia showed that water usage for defecation is high, i.e. ± 10L in average, both for cleaning the body and flushing of toilet bowl. For defecation, 68% of people used tap water from Municipal Water Supply and 32% used well water. In some cases, people must buy tap water just for defecation. Morover, due to limited of private toilet ownership, some people defecated at public toilets and discharged human excreta directly into water bodies (Astuti and Sintawardani, 2006) . Meanwhile, as described in Millennium Development Goals, indicator of sanitation now is focused on availability of private and safe disposal human excreta. (WHO, 2006) .
Ecological Sanitation (Ecosan) concept is promoted to solve the problems of water and sanitation. The basic principle of Ecosan is the loop between sanitation, water resources, and agriculture. It is a new holistic approach to reduce health risk of sanitation, prevent water pollution and improve soil quality. In this concept, new paradigm was introduced that human excreta now is recognized not as a waste, but as a resource that should be recycled and reused (Langergraber and Muellegger, 2005) . The statement of the previous researcher should be noticed that environmental biotechnology is to be a key area which has greatly impacted various tecnologies based on the application of biological processes for environmental protection and resources conservation. Its application cover of a wide range of which leading to protect and remediate of the environmental components, including of soil bioremediation, wastewater biotreatment and solid waste biotreatment (Jhamaria and Yadav, 2014) .
Biotoilet is a composting toilet. It has been developed and promoted as a new technology of sanitation. It would be an alternative to solve a sanitation problem in area with inadequate sewage disposal and limit of water. By this new system a sewage infrastructure can be replaced and water usage can be reduced. Biotoilet system consists of composting chamber which is equipped with mixer, heater and exhaust fan. Due to optimize the composting process, the bukly agent is required as artificial soil matrix for Biotoilet. In process, human excreta would be mixed with matrix material in the composting chamber. Then, the organic compounds of human excreta would be degraded by aerobic bacteria resulting carbon dioxide (CO 2 ) and water (H 2 O) which will be released to atmosphere. Meanwhile, the mineralized products, such as N, P, and K would be remained in sawdust matrix in composting chamber. Similar to solids obtained from traditional wastewater treatment, solid or residual from composting toilet can be used as fertilizer (Funamizu, 2006) .
Matrix materials have low moisture content and apparent density, which provide to optimize of free air space and regulate water content of waste that would be composted. C/N ratio of matrix is high that can make substrate to achieve an appropriate of C/N ratio in composting (Iqbal et al., 2010; Banegas et al., 2007) . C/N ratio of human excreta generally is low (5:1), meanwhile ideal level for composting is 15:1-30:1 (Eftoda and McCartney, 2004) .
Principally, all of lignocelluloses waste from agricultural and agro-forestry could be used as matrix in Biotoilet. Some have been studied as matrix for composting human excreta, i.e. corn stalk (Sheng et al., 2005) ; Albizzia sawdust (Triastuti et al., 2008) ; peanut shell and rice husk (Iqbal et al., 2010) ; and sugar mill wastes (Saranraj and Stella, 2014) .
In Indonesia, lignocelluloses waste materials is produced abundantly and have not utilized optimally yet. Once is wood sawdust, a waste from the sawmill industries. Practically, separation of wood sawdust based on its kind of wood is not common in Indonesia. As the result, the sawdust will be obtained in the form of a mixture from some kinds of woods, both of hard and soft wood. This study was aimed to evaluate the characteristic and propsect of lignocelluloses waste material from sawmill industry as matrix for composting of human excreta, simultaneously to introduce Biotoilet to community as an alternative to solve a problem in area with inadequate sewage disposal and limit of water.
Material and Methods

Matrix material and Biotoilet system
Lignocelluloses waste material, i.e. mixtured wood sawdust from local a sawmill industry was used as matrix in study. Before using, it was air dried and sieved in a series of sieves (32 mesh at bottom and 4 mesh at the upper), to obtain a homogen particle size. Sawdust particles that passed in 4 mesh and retained on 32 mesh sieves (+4/-32) is used in study. Meanwhile, Biotoilet Model Biolux S-15 (Seiwa Denko Co. Ltd, Japan) is used as composter for human excreta ( Table 1) . The schematic process, composting toilet, room building for defecation and urination with Biotoilet reactor and closet bowl inside that used in study was illustrated in Figure 1 .
Experiment
Initially, the composting chamber of Biotoilet was filled with 26.4 kg of mixture wood sawdust (±75% volume). Then, 20.15L of tap water was added to achieve 50% of moisture due to optimize composting process. A mixer that has been installed in Biotoilet system is adjusted to run-on intermittenly with interval 15 min, each 2 min, i.e., 1 min for clockwise and counter-clockwise, respectively. Exhaust fan with flow rate of 0.04m 3 .sec -1 was operated continuously to ensure the composting system will go on with a proper aeration. Socialization to the respondents about Biotoilet system and its procedures was conducted before in order to achieve a proper of utilization. Data of user, such as name, date, kind of usage (defecation/ urination or both), and body weight of user at before and after using of Biotoilet are recorded in table that has been available in room building. Body weight of user was measured by using balance that available also in room building.
There are two kind of water usage by respondents, i.e. for flushing closet bowl (if necessary) and for cleaning the body (normal). Water Figure 1 Schematic diagram of composting toilet system (Nakagawa et al., 2006) , room building for defecation and urination with Biotoilet reactor and closet bowl inside. usage for flushing of toilet bowl is limited (300-500m per usage) due to keep the optimal moisture content of composting process (±50%). This flushing water would be mixed with human excreta and matrix material in Biotoilet chamber. Meanwhile, water for cleaning the body was at the side of toilet bowl which using a separated channel for disposal. Human excreta, i.e. feces and urine were loaded daily from six persons for 76 days. Afterward, mixing and aeration was still operated in order to maintain the aerobic condition of Biotoilet system until at the 90 th day. Residual sawdust that remained in biotolet chamber was harvested, noticed as Harvested Residual Sawdust (HRS), was then allowed for ten days at room temperature with proper aeration to obtain Composted Residual Sawdust (CRS).
Data observation and analysis
Human excreta loading which was consist of feces and/or urine was calculated as a difference body weight of respondents between before and after defecation and/or urination. Data could be obtained from the table form of Biotoilet usage. In this experiment, Biotoilet was not equiped with urine deverted. Therefore, both of feces and urine was mixed together in the composting chamber of Biotoilet.
Temperature at six points of sawdust pile, i.e. bottom, middle, and upper, both at inlet and outlet side of composter chamber was measured using a soil thermometer. Atmospheric temperature and humidity was measured with hygrometer. The samples that proportionally obtained from six points above were mixed properly and checked its moisture content and ash content. Moisture content was determined gravimetrically by heating of sample in oven at 105 o C for 16 h (until achieve a constant weight). Meanwhile, pH value was measured by using the soil pH meter.
Nutrient content of sawdust that covering of N, P, and K was analyzed at Indonesian Vegetable Research Institute (IVEGRI) at Bandung. Ash content was determined by heating sample in furnace at 550 o C for 16 h (modified SNI method) and calculated gravimetrically. Identification of the existing microorganisms of composted residual sawdust was carried out at the Medical Laboratory in Bandung, which covered of the Most Probable Number (MPN), bacteria, fungus, and worm ova. The characteristic of CRS that obtained in study was then compared to EPA Standard part 503 according to the bio solid rule.
Results and Discussion
Feeding and production rate of human excreta During study, Biotoilet was used 447 times, which covered of 328 times for urination and 119 times for both of defecation and urination. There is no usage by respondent just for defecation only. This fact could be undertood because in defecation is commonly accompanied with urination. Based on data obtained, 25.6kg fresh urine and 99.65kg of feces was loaded into composting chamber of Biotoilet (Table 2) . Fresh urine production rate was in the range of 100-450g at one urinating, with the average was 215±97g. Considered to assumption that human have 6-8times urination per day, the average of urine production rate could be defined of 1,290-1,720 g. (Rose et al., 2015) . Data presented that the production rate of feces in study was variety, which in the range of 100-550g. If defecation of respondents is accounted one per day, production rate defecate material (feces-urine) could be defined of 304±124g.p -1 .d -1 (Table 3) . This result agreed with the earlier reports. Lower production was investigated in developed countries, i.e. 80-140g.p of fresh feces (Vinneras et al., 2006) . Meanwhile, another research (Rose et al., 2015) reported the faecal wet mass production was 128g.p -1 .d -1 . In fact, feces quantity and quality depend on health condition, amount and type of food and liquid consumed. Food with high content of fiber result smaller amounts of feces than foods with low of fiber.
Temperature during composting
Data showed temperature of the bottom was higher than its middle and top-side of compost pile, with average of 35.00±3.71; 33.12±2.69; and 30.90±2.01, respectively (Figure 2-left (Figure 2-right) . To expose sawdust in low-temperature zones to achieve higher temperature, compost pile should be mixed more sufficiently and repeatedly. In addition, to attain and keep high temperatures in entire pile, 1  150  300  225  100  600  275  2  200  200  200  100  600  365  3  100  450  227  150  500  318  4  ---100  600  325  5  100  450  206  150  550  296  6  100  200  131  150  400  240 Average --215±97 --304±124 Figure 2 Temperature during composting of human excreta: bottom, middle, and top side of pile (left); atmospheric air and Biotoilet system (right).
insulation should be provided to prevent heat loss, mainly for small compost heaps. Nevertheless, even insulation is provided, there will be parts of compost going on low temperature, mainly near inlet (closet bowl). Compared to atmosphere, temperature of composting pile increased only 25%. It might be caused by the under loading of Biotoilet. Durting study, the Biotoilet usage is under capacity, i.e. only 6p.d -1 or equal with 40% of standard usage (15p.d -1 ). It was investigated that the under loading of organic material, both of feces and urine could be as an inhibiting factor in composting transition from mesophilic to thermophilic phase due to limited of self heating capability (Eftoda and McCartney, 2004 ).
Moisture content and pH level of sawdust matrix
Naturally, moisture content of local wood sawdust was 11.84%. This moisture level was adjusted to optimal moisture for composting (± 50%) by added water. In fact, bad odor was not detectable during the composting process in study. It might be supported by the level of moisture content of sawdust pile, which could be kept in the range of 22.27-53.20% with the average of 33.46% (Figure 3-left) . In general, when moisture content of compost pile was low (<40%), unpleasant odors would be significantly less noticeable (Banegas et al., 2007) . Ahn et al (2008) reported the optimum moisture for composting is 25-80%. A wide range of optimum moisture for composting reflects the different structural properties of substrates. Highly structure substrates, such as wood chips, can be composted at high moisture contents, whereas poorly substrates, such as food waste, require lower moisture content to compost. Most substrates with moisture content more than 60% may produce anaerobic conditions due to water-logging. This condition inhibits aerobic degradation and resulting acid substances and smell. Odour associated with toilets is a primary concern of users.
Composting is a microbiological degradation of organic material to a humus-like product under aerobic, moist and self heating conditions (Banegas et al., 2007) . The microorganisms involved in aerobic composting should be supplied with oxygen, such as by mechanical aeration and physical turning of the compost pile. In this study, oxygen was supplied by combining of the using of mechanical mixing, exhausting, and an appropriate of matrix. Sawmill industry waste material has some benefit characteristic as matrix due to its high porosity that make it possible to store oxygen, low in bulk density, high of water holding capacity, and high durability (Funamizu, 2006) .
In initial phases of composting, pH usually declines due to the formation of organic acids that are produced through fermentation of easily degradable organic matter. Finally, pH rises due to the acids are consumed by microorganism and ammonia is produced. During process, pH level was fluctuated in the range of 6.20-7.00, with the average of 6.88±0.17 (Figure 3-right) . The pH level of composted residual sawdust (CRS) is 6.9 and suitable for most commmodity of agricultural. This level is near with Lembang soil that has pH 7.0, and higher than Jatinangor soil pH 6.0. In fact, pH level of sawdust matrix at the 39 th and 74 th day was significantly dropped to 6.40 and 6.20, respectively. The decreasing of pH might be caused by the high moisture content of sawdust during composting. Data presented that moisture content of sawdust at the 39 th and 74 th day was more than 50%.
C/N ratio and nutrient content
The C/N ratio is considered among the factors affecting the compost process and quality. In growing, microorganisms require digestible carbon for energy and nitrogen for cell synthesis. It was reported that the ideal of C/N ratio for composting toilets is 15-30. It was investigated that if the C/N ratio of substrate is low (<15), the excess nitrogen content would be lost via ammonia volatilization that mainly occur at a high pH and temperature. As the result, value of compost as fertilizer would decrease due to loosing of N content. In contrast, if initial C/ N ratio is greater than 35, microorganisms must go through many lifecycles, including of oxidizing off excess carbon until suitable of C/N is reached (Eklind et al., 2007) .
In study, C/N ratio of sawdust matrix decreased significantly, i.e. from 566 to 25 (Table 4) , near with soil, both of andosol and latosol that has C/N ratio are 23 and 20, respectively. It could be concluded that sawdust from local sawmill industry could be used as matrix in composting of human excreta and resulting compost with appropriate of C/N ratio level. In composting, organic compounds in sawdust matrix, mainly feces and urine would be degraded by aerobic bacteria resulting carbon dioxide (CO 2 ) and water (H 2 O) which then be released to atmosphere. The microbial cells undergo progressive autooxidation of the cell mass. Nutrient elements such as N, P, and K would be accumulated in sawdust that can be used as fertilizer (Banegas et al., 2007) .
Ash content of composted residual sawdust in study is 11.78%, increased significantly compared to its initial (4.30%). Ash content of sawdust compost in study is higher than albizzia sawdust (7.11%) as reported by Triastuti et al (2008) . Data showed that composted residual sawdust have high content of N, P and K. Compared to the nutrient content of soil, both of Lembang and Jatinangor soil, CRS has higher concentration in all macro nutrients content, i.e. N 1.78%, P 0.85%, and K 0.95% as presented in Table 4 above. This high content of mineral could be made the CRS more benefit for agricultural. Table 5 presented MPN faecal coliform of sawdust matrix was decreased significantly during composting, i.e. from 2.4x10 6 (the 14 th day) to 9.3x10 4 in harvested residual sawdust (HRS), and finally dropped to 23cells.g -1 in composted residual sawdust (CRS). Bacteria Proteus mirabilis, Enterobacter aglomerans, Enterobacter aerogenes, and Staphylococcus saprophyticus were not detected, both in HRS and CRS. Fungus, such as Penicillium sp and Aspergillus sp was not occurred, but Klebsiella pneumonia and Escherichia coli were still detected in the CRS although only in small quantity. Worm ova were undetected in CRS.
The existing of microorganism in compost
Similar to solids obtained from traditional wastewater treatment, the solid from composting toilet can be used as fertilizer (Anand and Apul, 2014) . Nevertheless, its utilization must consider to the health safety regulation, including of microbiological aspect. Based on MPN fecal coliform, there are three classes of compost, i.e. class A, B, and C with classification as presented in Table  6 ( EPA standard, 1994) . By referred to the EPA standard, compost that obtained in study could be categorized into class A, that safe level and acceptable of the pathogen and safe soil amendment for cultivation both of non-food and food plants commodity. Prospect of lignocelluloses waste material for composting human excreta using Biotoilet Biotoilet is a dry toilet, which is not require of flushing water. Implementation of this technology would be an alternative to solve a sanitation problem in area with inadequate sewage disposal and limit of water. By this new system a sewage infrastructure can be replaced and water usage can be reduced. In addition, residual sawdust could be used as a soil conditioner that able to improve the soil quality (Funamizu, 2006) .
West Nusa Tenggara province of Indonesia has a long of dry season and low of rainfall. The period of dry season usually is in April to November (8 months), while the rainy season is in December to March (4 months). The rainfall in rainy season is only 421-526mm. the rainfall in another month is commonly less than 290mm, and even sometimes less than 100mm. The condition of East Nusa Tenggara province is similar with West Nusa Tenggara province. Considered to the natural condition of West Nusa Tenggara province, implementation of Biotoilet with using sawdust matrix for composting human excreta is suggested have a good prospect. In addition, Biotoilet might be also suitable to improve sanitation in a slum urban area, such in Kiaracondong sub district, Bandung city due to its limited of open space area and unappropriate of sewages disposal.
The characteristics of matrix material, durability, Beside of wood sawdust, some agricultural residues could be used also as matrix, such as rice straw, rice husk, corn stalk, coconut shell etc. The utilization of each material as matrix must be synchronized with its availability in place to maintain the continuity in supply and sustainability in application of Biotoilet system. Nevertheless, implementation of composting of human excreta should be integrated with the utilization of compost product for agricultural. However, the value, perception and management of water and sanitation depend on the root culture, religion beliefs and taboos about human excreta. The choice of sustainable sanitation concept have not been investigated yet sufficiently, mainly in Muslim community (Nawab et al., 2006) . It was reported that 85.2% of human excreta in China is utilized as manure for agriculture, 3.6% as biogas, and 11.2% discharged to water body, septic tank, and soil (Liu et al., 2014) .
In Indonesia, compost of human excreta for agriculture might be not acceptable yet due to socialcultural barrier. In contrast, sustainable sanitation cannot be realized unless a fundamentally different way of thinking about sanitation has been adopted, which is including of the major changes in personal beliefs, values, and life styles. Therefore, the appropriate approach is required to motivate people to adopt the Ecosan concept for sanitation improvement, water pollution and soil degradation prevention. Firstly, utilization of composted human excreta for cultivation of non-food commodity, such as forestry and ornamental plant might be cultural acceptable. This step is one of strategy how to replace partly of chemical fertilizer for agricultural.
Conclusion
Compared to atmospheric, the average temperature of composting system was 25% higher, i.e. 32.93± 2.57 o C. Moisture content of matrix was in the range of 22.27-53.20%, and pH level 6.20-7.00. Bad odor was not detectable during composting. CRS with C/N ratio 25:1 is suitable for compost. Ash, N, P, and K content of CRS were 11.78; 1.78; 0.85; and 0.95%, respectively. It could be concluded mixture wood sawdust could be used as matrix in composting of human excreta using Biotoilet. Based on EPA standard, the compost could be categorized into class A and safe for cultivation, both of nonfood and food plants. Application of this compost in agricultural should be considered to evaluate its characteristics as fertilizer and its compatibility for plant.
